INTRODUCTION
============

Metabolic syndrome is designated as syndrome X by Reaven[@B1] in 1988 as the risk factors for cardiovascular diseases like dyslipidemia, hypertension, and hyperglycemia were detected as clustering in same individual, and subsequently it was referred to as insulin resistance syndrome[@B2] as these diseases have the common causality, insulin resistance. In 1998[@B3], WHO recommended the designation the metabolic syndrome as it has been reported that all factors in the insulin resistance syndrome could not be attributed to insulin resistance, and the NCEP ATP III manual published in 2001[@B4] introduced the metabolic syndrome as the second important goal for the reduction of the risk of cardiovascular diseases.

Recently, in the USA, calculated prevalence of the metabolic syndrome by summing all epidemiological data, 23.7% of the entire population of the USA and 43.5% over 60 years are reported to be metabolic syndrome[@B5]. Although the accurate data are not available, considering that the number of patients with metabolic syndrome was increased by 51% since 1991, the number of the metabolic syndrome patients may be increased by tens of millions in the last decades.

Several studies about the prevalence of the metabolic syndrome have been reported in Asian population including Korea[@B6]-[@B8]. However depending on the definition of the metabolic syndrome or study subjects, prevalence of the metabolic syndrome was somewhat different in each studies. And data from large scaled population based study was quite few. Thus, we performed this study to clarify the prevalence and clinical characteristic of the metabolic syndrome in middle aged Korean adults through large scaled population based study.

MATERIALS AND METHODS
=====================

Subjects
--------

This study was performed from February to April in 2003 and 2004 on adults over 40 years living in the Chungju city area. One hundred sixty three districts were selected by the stratified random cluster sampling and the list of residents over 40 years living in the selected district was prepared and initially by the telephone visit of the investigators, the purpose of the study was explained and they were persuaded to participated in the study. One day prior to the examination, they were reminded of the preparation of the test. Of total 12,772 individuals, 5,330 persons (male: 2,197 persons, females: 3,133 persons) visited the health center and the participation rate was 41.7%. This study was approved by IRB at Kangnam St. Mary\'s hospital and informed consent was obtained from all participants.

Protocols
---------

All investigators were educated sufficiently in relation to the study prior to physical examination and the questionnaire. On the day of the investigation, the detailed data about medical history, family history, medication, life style, drinking habit, etc. of the subjects were obtained and physical examination was performed. Physical examination was performed by measuring height, weight, the waist and hip circumference according to the standardized method, and body mass index was calculated by weight (Kg)/height (m)^2^. Prior to measuring blood pressure, the subjects were asked to rest for 10 minutes and while seated, systolic blood pressure and diastolic blood pressure were measured. The blood pressure on the right upper arm was measured twice and if the difference of diastolic blood pressure were less than 5 mmHg, the average of two measurements was obtained. Prior to blood sampling, all subjects were fasted over 12 hours, and blood analysis was performed in a central laboratory (Samkwang Medical Laboratories, Seoul, Korea) for the accuracy and consistency. Total serum cholesterol and triglyceride were measured by an enzymatic calorimetric test, high density lipoprotein cholesterol was measured by selective inhibition method, and low density lipoprotein cholesterol was calculated by Friedewald formula. For the measurement of fasting plasma glucose, sodium fluoride tubes were used and measured by the hexokinase method. Serum insulin was measured by RIA kit (Dainabot, Japan). Insulin resistance was examined using the homeostasis (HOMA) and calculated by applying the following formula.

HOMA-IR= fasting insulin(µIU/mL) × fasting glucose(mmol/l)/22.5

Definition of the metabolic syndrome
------------------------------------

Metabolic syndrome according to NCEP-ATP III criteria was defined if three or more of the following criteria were satisfied: 1) Abdominal obesity; Waist circumference (WC) in men \> 102 cm and in women \> 88 cm. 2) Hypertriglyceridemia; ≥ 1.7 mmol/l. 3) Low HDL cholesterol; \< 1.03 mmol/l in men and \< 1.29 mmol/l in women. 4) High blood pressure; ≥ 130/85 mmHg. 5) High fasting plasma glucose; ≥ 6.1 mmol/l. We also applied WHO-APR (World Health Organization-Asian Pacific Region) criteria for abdominal obesity (WC in men \> 90 cm and in women \> 80 cm) instead of NCEP-ATP III criteria (so called, modified ATP III criteria).

Statistical analyses
--------------------

SAS version 8.01 was applied. To compare the prevalence of metabolic syndrome among countries, ages were adjusted by Segi\'s standard world population[@B9]. The change of the pattern of the diagnostic factors of the metabolic syndrome according to the increase of age, 40-49 years, 50-59 years, 60-69 years and over 70 years was changed to a categorical parameter, and the distribution pattern of various factors was analyzed by Mantel-Haenszel χ^2^ test. The groups were compared by t-test and ANOVA. The risk of the metabolic syndrome of HOMA-IR and the fasting insulin quartile groups was analyzed by logistic regression analysis and estimated by odds ratio. *p*\<0.05 was considered as statistically significant.

RESULTS
=======

General characteristic of the study population
----------------------------------------------

The mean age of the study population was 62.1±10.3 years, and the age distribution of them in 40s, 50s, 60s and over 70 years was 26.2%, 21.9%, 30.7%, and 21.6%, respectively, which was similar to the age distribution of the population over 40 years in this area. In regard to body mass index, total cholesterol, HDL cholesterol, and LDL cholesterol, they were significantly higher in women than men (*p*\<0.0001) ([Table 1](#T1){ref-type="table"}). The waist circumference, the waist-hip ratio, fasting blood glucose level, triglyceride, and diastolic blood pressure in men were significantly higher than women. The mean body mass index of the study subjects was 24.3±3.3 kg/m^2^, which was overweight (BMI ≥23 kg/m^2^) according to the WHO-APR criteria, and in women, the average waist-hip ratio was 0.88±0.06, which was within the abdominal obesity range (Waist-hip ratio ≥0.85).

The age-adjusted prevalence of the metabolic syndrome
-----------------------------------------------------

The age-adjusted prevalence of the metabolic syndrome according to the NCEP-ATP III criteria was 24.8% of the total study population, and the prevalence in men and in women was 17.6% and 30.0%, respectively ([Table 2](#T2){ref-type="table"}). On the other hand, the age-adjusted prevalence of the metabolic syndrome according to modified ATP III criteria was 34.3% of the total study population, and in men and in women was 26.3% and 40.1%, respectively.

The prevalence of the metabolic syndrome according to the age distribution
--------------------------------------------------------------------------

Examining the prevalence of the metabolic syndrome and their age distribution, in the total study population, 20.8% in 40-49 years, 26.4% in 50-59 years, 30.8% in 60-69 years, and 29.7% in over 70 years, which shows that the prevalence of the metabolic syndrome increases as age increases ([Figure 1](#F1){ref-type="fig"}). Interestingly, in men, the prevalence was highest in their 40s and afterwards, it decreased as age increased (40-49 years; 18.8%, 50-59 years; 17.4%, 60-69 years; 18.3%, over 70 years; 14.5%). Using modified ATP III criteria, this changing pattern is more evident (40-49 years; 29.3%, 50-59 years; 25.7%, 60-69 years; 24.5%, over 70 years; 20.8%). In women, the prevalence of the metabolic syndrome increased abruptly in their postmenopausal period (50-59 years) and afterwards, the prevalence increased gradually as age increased (40-49 years; 22.3%, 50-59 years; 32.7%, 60-69 years; 39.9%, over 70 years; 39.3%). The prevalence of the metabolic syndrome defined as by modified ATP III criteria had similar pattern as that by NCEP ATP III criteria (40-49 years; 28.7%, 50-59 years; 40.1%, 60-69 years; 42.0%, over 70 years; 43.8%).

The prevalence of various components relating with the metabolic syndrome
-------------------------------------------------------------------------

Assessing the prevalence of various factors relating with metabolic syndrome after the age adjustment, the prevalence of abdominal obesity and low HDL cholesterol in women was significantly higher than men (*p*\<0.0001), but the prevalence of hypertriglyceridemia and high blood pressure in men and women was not significantly different ([Table 3](#T3){ref-type="table"}). When two different criteria, the NCEP-ATP III criteria and the WHO-APR criteria, were applied for abdominal obesity, the prevalence was 1.6% and 25.3% in men and 22.5% and 55.6% in women, respectively. So, there was a big difference between them, the prevalence of abdominal obesity by WHO-APR criteria was 16 times higher than by NCEP-ATP III criteria in men and 2 times higher in women. Applying the NCEP-ATP III criteria, the order of factors with high prevalence in men was high blood pressure, hypertriglyceridemia, low HDL cholesterol, high fasting plasma glucose, and abdominal obesity. In women, the order was high blood pressure, low HDL cholesterol, hypertryglyceridemia, abdominal obesity, and high fasting plasma glucose.

The changing pattern of the prevalence of each components of the metabolic syndrome according to the age distribution
---------------------------------------------------------------------------------------------------------------------

The changing pattern of the prevalence of each components of the metabolic syndrome according to the age distribution was examined. In men, high blood pressure (systolic and diastolic pressure≥130/85 mmHg) was increased with age while hypertriglyceridemia decreased with age (*p*\<0.0001) ([Table 4](#T4){ref-type="table"}). When abdominal obesity was defined as by the NCEP-ATP III criteria, the significant difference in the changing pattern with age was not observed (*p*=0.8916). Applying the WHO-APR criteria (waist circumference \> 90 cm), on the other hand, the prevalence was decreased with age (*p*=0.0209). In women, the prevalence of high blood pressure, high fasting plasma glucose and hypertriglyceridemia was increased as age increased (*p*\<0.0001) ([Table 5](#T5){ref-type="table"}). In addition, applying NCEP-ATP III criteria for abdominal obesity, the prevalence increased as age increased (*p*=0.0302) and when we applied the WHO-APR criteria (waist circumference \> 90 cm), the significant difference with age was not observed (*p*=0.9459).

Insulin resistance and the relative risk of the metabolic syndrome
------------------------------------------------------------------

The association of insulin resistance and the relative risk of metabolic syndrome was analyzed by assessing the quartiles of fasting insulin and HOMA-IR ([Table 6](#T6){ref-type="table"}). As insulin resistance increased, the relative risk of metabolic syndrome determined as by the NCEP-ATP III criteria and the Modified ATP III criteria (data not shown) was increased.

DISCUSSION
==========

In this study, we analyzed the prevalence of the metabolic syndrome and its clinical characteristics in the population over 40 years living in a rural area. In general, the prevalence of the metabolic syndrome varies widely and, especially, the difference within the same population is evident depending on the diagnostic criteria applied. The criteria currently used widely are the WHO criteria[@B3], the EGIR criteria[@B10], the NECP-ATP III criteria[@B4], and the AACE criteria[@B11]. Among them, the WHO criteria and the NCEP-ATP III criteria are well known, and the latter is the most widely used term in practice as it is easy to apply. Abdominal obesity is considered as most important factor for metabolic syndrome defined as by NCEP-ATP III criteria. Recently, it has been frequently suggested that the application of the criteria for abdominal obesity, men \> 102 cm and women \> 88 cm, to Asians is not appropriate[@B12]-[@B14]. It has been well known that in Asians, even if their body mass index and waist circumference are equivalent as Caucasians, their visceral obesity is more severe compared with that of Caucasians[@B15]-[@B17]. In 2001, WHO-APR recommended the application of the different diagnostic criteria for abdominal obesity for Asian-Pacific region[@B18]. In our results, the prevalence of abdominal obesity diagnosed as by the NCEP-ATP III criteria in men was 1.6% and in women was 24.7%. Applied the WHO-APR criteria, it was 23.9% in men and 57.2% in women, so the prevalence of abdominal obesity in men was 17 times higher with WHO-APR criteria than NCEP-ATP III criteria. Thus, in defining abdominal obesity as the diagnostic criteria for metabolic syndrome, application of appropriate criteria suitable to Asian-Pacific region may be important to assess the prevalence of metabolic syndrome more accurately. We determined the cut-off value for abdominal obesity in this study subjects as 85 cm in males and 85 cm in females using ROC curve analysis (data not shown).

The most interesting finding in our study results was the trends of decrement in the prevalence of the metabolic syndrome in men as their age increased. Most reported studies on the prevalence of the metabolic syndrome[@B5], [@B8], in both men and women, as their age increased, the prevalence of the metabolic syndrome increased. In addition, in women, the prevalence increased abruptly after menopause. The reason why prevalence of the metabolic syndrome increased due to aging is still not clear, but some factors like sex hormone deficiency[@B19], [@B20], increment of risk factors for the metabolic syndrome might play a role in the development of insulin resistance of aged population. Our data showed that the changing pattern of prevalence of the metabolic syndrome is quite similar as previous reports in women, but not in men. And this changing pattern of men was consistent findings of two consecutive years in the survey of our study population. There can be some hypotheses to explain for this unique findings. First, this findings were due to early death of high risk population having more components of the metabolic syndrome in men. Thus, the more components of the metabolic syndrome they have, the earlier they die. Second, there were so many differences of their life styles between two generations (40-60 years and 60-70 years) that younger generation had more risk factors in the metabolic syndrome. This might be based on the thrifty genotype hypothesis[@B21], [@B22]. So it can be predicted that when the current 40-50s become 60-70s, the pattern of the prevalence of the metabolic syndrome become similar to the Westerners in two decades. In addition, if it were the case, this may allow to explain the reason why obesity as well as various diseases related to the metabolic syndrome has increased explosively in the past several decades in Korea as well as East Asians including China.

Furthermore, an additional important findings of our study was that a similar pattern is observable in the prevalence of hypertriglyceridemia. This may indicate the close association of hypertriglyceridemia to abdominal obesity or insulin resistance[@B23], [@B24], and according to our recent studies[@B25], triglyceride is highly correlate to body mass index in Koreans. In addition, considering that insulin resistance highly correlates to triglyceride[@B26], [@B27], in Asians who have relatively high risk of insulin resistance in comparison with Westerners, triglyceride may be a candidate of a single factor that predicts the risk of metabolic syndrome.

In conclusion, this study was performed to examine the prevalence of the metabolic syndrome in middle-aged adults living in a rural area. In regard to the changing pattern of the prevalence according to age, in women, as they aged, the prevalence was increased, particularly it was increased abruptly in postmenopausal women. In men, the prevalence was highest in the 40-49 years, and afterwards, as they aged, triglyceride and the prevalence of abdominal obesity together with the prevalence of the metabolic syndrome decreased. Thus, in men, the aggressive prevention of various cardiovascular diseased before 30-40s might be necessary. In women, as the risk of abdominal obesity and metabolic syndrome increased after menopause, the precaution from late 40s may be necessary.
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Age-adjusted prevalence of each metabolic factor for the metabolic syndrome
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Values are age-adjusted prevalence (95% CI).

TG, triglyceride; Low HDL-C, \< 1.03 mmol/l (men); \< 1.29 mmol/l (women); FPG, fasting plasma glucose
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Age distributed prevalence of metabolic factors for the metabolic syndrome in men
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Values are prevalence (%).

WC (cm), waist circumference; TG (mmol/l), triglyceride; Low HDL-C (mmol/l), \< 1.03, BP (mmHg); blood pressure, FPG (mmol/l), fasting plasma glucose
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Age distributed prevalence of metabolic factors for the metabolic syndrome in women
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Values are prevalence (%).

WC (cm), Waist circumference; TG (mmol/l), triglyceride; Low HDL (mmol/l), \< 1.29, BP (mmHg); FPG (mmol/l), fasting plasma glucose
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Relative risk for the metabolic syndrome according to fasting insulin & quartile of HOMA-IR
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Values are odds ratio (95% CI)

Group A, Insulin\<2.8; Group B, 2.8≤Insulin\<4.4; Group C, 4.4≤Insulin\<6.8; Group D, Insulin≥6.8

Group 1, HOMA\<0.6; Group 2, 0.6≤HOMA\<1.0; Group 3, 1.0≤HOMA\<1.6; Group 4, HOMA≥1.6
